Two new phloroglucinol derivatives, identified as anthuminoate (1) and anthuminone (2), were isolated from the ichthyotoxic ethyl acetate fraction of Syzygium polyanthum leaves. In addition, bioassay-guided fractionation followed by dereplication of the photocytotoxic fraction of this plant part has resulted in the identification of five known pheophorbides as the bioactive constituents. The compounds were identified as pheophorbide-a, methyl pheophorbide-a, methyl hydroxypheophorbide-a, pheophorbide-b and hydroxypheophorbide-b. Inhibition of cell viability shown by the compounds ranged from 83.3 to 86.1% at a test concentration of 5 µg/mL. This shows that Syzygium polyanthum leaves are a potential new source in the studies of photocytotoxicity for photodynamic therapy.
S. polyanthum (Wight) Walp. is a Myrtaceous species commonly known as salam, Indonesian bay leaf or Indonesian laurel. The fresh and dried aromatic leaves are widely used as a spice due to their flavor [1] . In traditional medicine, the leaf and bark decoction is used to treat diarrhea, the whole plant as a poultice for itch and the leaves for rheumatism and hyperurecimia [1, 2] . An ichthyotoxicityguided fractionation [3] and isolation was conducted on the leaf extract, wherein two new phloroglucinol-type compounds, namely anthuminoate (1) and anthuminone (2) , were obtained from the ichthyotoxic ethyl acetate fraction. Meanwhile, a photocytotoxicityguided phytochemical investigation of the same plant part of S. polyanthum led to the identification of five photosensitizing constituents of the known pheophorbide-a and pheophorbide-b types, from the photocytotoxic active n-hexane fraction. The compounds were indentified through dereplication utilizing HPLC-PDA and UPLC-MS. The full details of the investigation are described further in this paper.
Compound 1, obtained as a yellow powder, showed a pseudomolecular ion peak at m/z 338 (M-H)in the ESIMS. The molecular formula C 18 H 26 O 6 was established by HRESIMS [m/z 337.1662]. IR absorptions implied the presence of hydroxyl (3344 cm -1 ), alkyl (2928 to 2858 cm -1 ), ester carbonyl (1718 cm -1 ), and conjugated carbonyl (1616 cm -1 ) functionalities. Analysis of the 1 H and 13 C NMR data and HMBC correlation of compound 1 revealed the presence of a trihydroxy aromatic ring with oxygenated aromatic carbons observed at δ 164.2 (C-4), 164.1 (C-2) and 145.8 (C-6). Two singlet signals in the 1 H NMR spectrum, attributable to a methyl (δ 1.91) and methine (δ 5.88), were assigned to H-11 and H-5, respectively. The aromatic ring moiety matched that of 2,4,6trihydroxy-3-geranyl acetophenone isolated from Melicope ptelefolia (Rutaceae family) [4] . The 13 C NMR spectrum also showed signals for carbonyl (δ 206.0) and carboxyl (δ 176.0) groups, a methoxyl (δ 50.5), and eight sp 3 methylene (δ 43.4, 33.5. 29.1, 29.07, 28.9, 28.8, 25.0 and 24.7) carbon resonances ascribable to an oxodecanoate moiety. This was substantiated by the 1 H NMR spectrum, which showed sixteen methylene protons, four of which [H-2'; 2.31 (2H, t, J = 6.0 Hz) and H-9'; 3.02 (2H, t, J = 6.0 Hz)] were shifted downfield, indicating proximity to neighboring carboxyl and carbonyl carbons, respectively. Long range HMBC correlation observed from H 3 -11' to C-2 indicated a methyl substituted phloroglucinol, while the presence of the octyl side chain was supported by the HMBC correlation seen from the methylene protons of H 2 -2' to C-4' and COSY correlations between H-6', H-7', H-8' and H-9', and also between H-2', H-3', H-4' and H-5'. Thus, compound 1 was identified as methyl 10'-oxo-10'-(2,4,6-trihydroxy-3-methylphenyl) decanoate, and given the trivial name anthuminoate ( Figure 1 ). Compound 2 showed a pseudomolecular ion peak at m/z 238 (M-H )in the ESIMS. A molecular formula of C 13 H 18 O 2 ) was established by HRESIMS [m/z 237.1134 (M-H) -], which is 10 amu (C 5 H 8 O 2 ) less than compound 1. IR absorption implied the presence of hydroxyl (3279 cm -1 ), alkyl (2931 to 2866 cm -1 ) and conjugated carbonyl (1619 cm -1 ) functionalities. 1 H and 13 C NMR data for compound 2 were analogous to those of 1, except for the absence of the ester carbonyl and a shorter alkyl chain. The 1 H and 13 C NMR signals [δ H 3.02 (2H, dd, J = 3.6, 9.5 Hz) and δ C 47.5 (C-2'); δ H 1.66 (2H, q, J = 3.6 Hz) and δ C 24.8 (C-3'); δ H 1.39 (4H, m, overlapped) and δ C 31.6, 22.3 (C-4' and C-5') and δ H 0.9 (3H, broad t, J = 9.5 Hz) and δ C 13.0 (C-6')] indicated the presence of a pentyl group at C-1'. Further analysis by two dimensional NMR ( 1 H-1 H COSY, HMQC and HMBC) showed that compound 2 is 1-(2,4,6trihydroxy-3-methylphenyl) hexan-1-one, and was given the trivial name anthuminone ( Figure 2 ). The trihydroxy aromatic ring moiety in anthuminone (2) was further confirmed via methylation, which yielded 1-(2,4,6-trimethoxy-3-methylphenyl) hexan-1-one (3), as shown in Figure 3 . The singlet at δ 3.66 in the 1 H NMR spectrum of compound 3 showed the presence of the three methoxy groups, which were modified from the trihydroxy aromatic ring moiety in compound 2.
The ichthyotoxic properties of compounds 2 and 3 were determined at a test concentration of 10 ppm. Compound 3 was found to be more ichthyotoxic than anthuminone as all ten fish tested died within the first two hours of the ichthyotoxicity test, while none of the fish died with anthuminone. Hence, the presence of these methoxy groups had not only confirmed the trihydroxy aromatic moiety in anthuminone, but had also contributed to the ichthyotoxicity of the modified compound. Neither methylation nor the ichthyotoxicity test could be accomplished for compound 1 since it was obtained in only a small amount.
Photodynamic therapy (PDT) or photochemotherapy has increasingly been exhibited as a potential cancer treatment in recent years; this utilizes photosensitizing agents that are selectively retained within tumor cells and generate toxic oxygen (O 2 ) species when exposed to light of proper wavelengths [5] . Most of the photosensitizers used in photodynamic therapy (PDT) are cyclic tetrapyrroles comprising substituted derivatives of chlorine, porphyrin and bacteriochlorin, all of which are found naturally, such as chlorophylls and bacteriochlorophylls [6] . This group of compounds has been tested both in in vitro and in vivo systems. However, their applications in PDT are still in need of improvement.
In an ongoing search for new photosensitizing agents for photodynamic therapy, four plants were subjected to in vitro photocytotoxic assay using 3-(4, 5-dimethylthiazol-2-yl)-2, 5diphenyl-2H-tetrazolium hydrobromide (MTT) on promyelocytic leukemia cell-line HL60. The plants were Syzygium malaccense, S. polyanthum, Rhodomyrtus tomentosa (family Myrtaceae), and a Meliaceae species, Sandoricum koetjape. Many Myrtaceae species are used in folk medicine, some examples being for the treatment of diabetes, inflammation, sickness of the respiratory tract, stomach dysentery, ring worm and leucorrhoea [7] . On the other hand, Sandoricum koetjape was selected for screening for its photocytotoxic activity since it was previously reported to possess anti-tumor promoting and ichthyotoxic properties [3] . Cell survival was monitored after 24 hours via a colorimetric MTT protocol [5, 8] , with pheophorbide-a, a known photosensitizer, as the positive control. For the assay, the positive control need not be a cytotoxic agent. Rather, it should be a photocytotoxic agent which gives high cell viability in dark condition/ control (DC) and very low cell viability in light condition/control (LC). In contrast, the cell viability for the negative control should be high in both DC and LC. Bioactivity of the samples was measured in terms of the ability to reduce the cell viability of HL60 tumor cells by 50% or more in the irradiated plate (LC) and there must be at least two-fold difference in percentage of cell viability in the light irradiated plate compared with the DC plate.
Various solvent fractions prepared from the four species were screened for their photocytotoxic activity. Among these screened fractions, only the n-hexane fraction of S. polyanthum leaves exhibited the characteristics of a good photosensitizer, by showing high (> 80 %) cell viability in DC and inhibited cell viability in LC by 95.6% at a test concentration of 5 µg/mL, as shown in Figure 4 . Further bioassay-guided fractionation on reversed-phase silica gel open column chromatography was carried out, whereby twelve subfractions, namely SP1 to SP12, were obtained. The photocytotoxicity assay of these subfractions showed that the bioactivity was concentrated in three of them, which were SP5, SP6 and SP7 ( Figure 5 ).
The photocytotoxic active subfractions SP5, SP6 and SP7 were then subjected to dereplication using HPLC-DAD and UPLC-MS, which identified the photocytotoxic constituents as mainly pheophorbide-a and pheophorbide-b type compounds. The identification of the pheophorbides was based on comparison of the * * * * Phloroglucinol derivatives and pheophorbides from Syzygium polyanthum Natural Product Communications Vol. 7 (8) 2012 1035 retention times and UV-Vis absorption spectra [9, 10] of the eluted peaks with those of pure standards. Three were characterized as pheophorbide-a, methyl pheophorbide-a, and methyl hydroxypheophorbide-a. The other two showed UV-Vis characteristics of pheophorbide-b type compounds and were identified as pheophorbide-b and hydroxypheophorbide-b. At a test concentration of 5 μg/mL, the pheophorbides exhibited cell inhibition values of 83 to 86.1%, as shown in Figure 5 and Table 1 .
Pheophorbide-a is the degradation product of chlorophyll-a, which gives a high production of O 2 and is present in great abundance in many plants [9] . Unlike chlorophyll-a and pheophytin-a, pheophorbide-a contains an hydrophilic propionic acid residue, which makes it a good amphiphilic photosensitizer and is easily absorbed from the digestive tract into the body. Hence, it can be used as an oral photosensitizer in photodynamic therapy. On the other hand, due to the presence of the formyl group, pheophorbide-b has a greater aggregation tendency compared with chlorophyll-a and pheophorbide-a. This is a common characteristic of chlorophyll-b. However, there has been little investigation on the photosensitizing effect of either chlorophyll-b or pheophorbide-b due to difficulties in obtaining the compounds in sufficiently pure form [10] . A preliminary ichthyotoxicity test using Danio rerio (zebra fish) (2.5 to 3.5 cm length) was carried out on the n-hexane, ethyl acetate and aqueous fractions of S. polyanthum leaves. The ethyl acetate fraction (38.0 g), which showed the most significant ichthyotoxicity, was then subjected to bioassay-guided fractionation. Two ichthyotoxic active subfractions, E1 (6.22 g) and E2 (1.62 g) were obtained by reversed-phase column chromatography (CC) (6.5 x 5.0 cm) over silica gel RP 18 (40-63 µm; Merck, Darmstadt, Germany) eluted with ACN:H 2 O (4:6 to 1:0), MeOH:CHCl 3 (1:0, 8:2, 1:1, 0:1) and finally 100% MeOH. Both E1 and E2 gave a median tolerance limit (TL M = IC 50 ) value of 38 ppm. TL M designates the concentration of the test substance at which 50% of the test animals, commonly aquatic organisms, are able to survive. In this study, 10 zebra fish were used for each sample or standard preparation wherein the TL M was determined when 5 of the 10 fish still survived after the test period of 24 h. However, only subfraction E2 was further fractionated by normal phase open CC (2.5 x 34.0 cm) over silica gel 60 (70-230 mesh ASTM and 230-400 mesh ASTM; Merck, Darmstadt, Germany), eluting with n-hexane: ethyl acetate (3:7 to 1:0), followed by ethyl acetate: methanol (1:0, 9:1 to 0:1). Further purification of fraction E2-1 (140 mg) by another NP-CC (1.5 x 30.0 cm) using a mobile phase of n-hexane: ethyl acetate (1:0, 9:7 to 0:1), and then ethyl acetate: methanol (1:0. 9:1 to 0.1) yielded compounds 1 (1. 
Methylation of compound 2:
Compound 2 (1.0 mg) was mixed with methanol (1.0 mL), followed by one drop of sulfuric acid (98%). The mixture was stirred and left to stand for 30 min followed by usual workup to afford 3 (0.8 mg), analyzed by NMR. 
Ichthyototoxicity test:
Solutions of the compounds were prepared by dissolving them (2.0 mg) in acetone (1.0 mL). Each test solution was added to aerated water (200 mL) to give 10 ppm test concentration. As negative control, only acetone (1.0 mL) was added to the aerated water (200 mL). Ten zebra fish (2.5 to 3.5 cm) were released into each test and control solution, after which the mortality count was recorded over a period of 24 h.
Median tolerance limit (TL M ):
Test solutions were prepared in a range of concentrations between 40 to 2.5 ppm by dilutions of a stock solution (40 ppm in acetone) in aerated water (200 mL) accordingly. Ten zebra fish were added to each test solution, and observation was made after 24 h. A straight-line interpolation graph on fish mortality against the concentration was made after 24 h.
